The first observations of deuterium and oxygen in the Local Interstellar Medium (LISM) obtained with the Far Ultraviolet Spectroscopic Explorer (FUSE) can be used to search for local abundance variations. While the very limited sample of these first data may be consistent with no variations, they do offer a hint of anti-correlated variations between D/H and O/H. If confirmed by more data (which will require independently determined, accurate H I column densities), these hints suggest that observations of interstellar gas within a few kpc of the solar neighborhood will reveal clear signs of the evolution of the abundance of deuterium from there and then (the Big Bang), to here and now (the Local Interstellar Medium of the Galaxy).
Introduction
In a series of papers exploring seven lines-of-sight (LOS) in the Local Interstellar Medium (LISM) the Far Ultraviolet Spectroscopic Explorer (FUSE) team (Friedman et al. 2002; Hébrard et al. 2002; Kruk et al. 2002; Lehner et al. 2002; Lemoine et al. 2002; Sonneborn et al. 2002; Wood et al. 2002) has presented results on the column densities of D I and O I (along with N I, which will not be considered in this paper) but, not of H I (due to the absence of Lyα within the FUSE spectral range). These data, which have been summarized in Moos et al. (2002) , are employed in the analysis presented here. While five of the seven absorbing clouds lie within ∼ 80 pc of the Sun (within the Local Bubble), the other two clouds are further away, ∼ 100 − 200 pc. Moos et al. (2002) conclude that it is likely the deuterium abundance is represented by a single value (D/H = 1.52 ± 0.08 × 10 −5 ) within the Local Bubble ( < ∼ 100 pc). They also claim that within the Local Bubble the D I/O I ratio is constant and they suggest that, as a result, the O I column densities can serve as a proxy for H I in the Local Bubble. The FUSE team, while cautioning that their results are subject to small number statistics, note an increasing dispersion in D I/H I with increasing distance from the Sun and suggest that this could be due to real variations among the LISM deuterium abundances. However, there is no claim of evidence for an anti-correlation between D I and O I over the very limited range in metallicity they have explored thus far.
These issues are reconsidered here. Using the FUSE data (specifically , Tables 3 & 4 of Moos et al. 2002) , and the same caveats concerning the limited size of their sample, it is shown that their data is not inconsistent with small, anti-correlated variations in D/H and O/H. If so, it becomes problematic to use D I/O I as a proxy for the H I column densities undetermined from the FUSE data. The question of variation or not can only be resolved by more data, especially, to echo the conclusion of Moos et al. (2002) , HST measurements of the H I column densities and gas velocity structure. However, if the variations suggested here are supported by further data, they offer the promise of sufficiently large D I/O I variations within a few kpc of the solar system that further FUSE data should have no trouble digging the signal out of the noise.
In §2 
Local Variability?
Of the seven LOS explored by the FUSE team, two lack estimates of the uncertainties in the H I column densities and Moos et al. (2002) exclude these from their quantitative analyses (except when considering the D I/O I column density ratios); the same path is followed here. In Figures 1 -4 the various abundances or column density ratios are shown versus the H I column densities. Also shown are the data from two LOS (towards γ Cas and δ Ori A) taken from the literature (see Table 4 of Moos et al. 2002; Ferlet et al. 1980; Meyer et al. 1998; Meyer 2001; Jenkins et al. 1999) . Those LOS with the largest H I column densities are also the most distant from the Sun, penetrating the Local Bubble and, generally, it is along these LOS that the dispersions among the abundance data are greatest.
Given the small sample size (five LOS), it may be premature to take the presence of any dispersion too seriously. Nonetheless, it could be a harbinger of real variations among the abundances within the LISM. This latter possibility is explored below. Table 4 of Moos et al. 2002) .
The most distant LOS (also the highest H I column densities) are identified. The dotted line is at the FUSE-determined mean abundance, while the dashed line is at the BD +28 • 4211-excluded mean abundance suggested here (see the text).
The LISM deuterium abundances are plotted in Figure 1 . According to the data in Moos et al. (2002) , the weighted mean deuterium abundance is D/H = 1.52 ± 0.08 × 10 −5 .
For this value, the reduced χ 2 (χ 2 per degree of freedom) is 1.3, suggesting no contradiction with the hypothesis that the data are drawn from an underlying population with fixed deuterium abundance. Note, also, that three of the five FUSE LOS have deuterium abundances within 1σ of this mean value, while the remaining two FUSE LOS have D/H only slightly more than 1σ away (as does γ Cas). In contrast, D/H for δ Ori A lies below this mean by more than 6σ; unless the uncertaintiess for the column densities along this LOS have been seriously underestimated, or affected by unrecognized systematic errors, this cloud may have a significantly lower deuterium abundance than that in the LISM (Jenkins et al. 1999) . Notice that of the five FUSE LOS, the one towards BD +28 • 4211, which has the lowest D/H, also has the smallest errors, thus tending to dominate the determination of the weighted mean abundance. If, instead, an unweighted mean (for all seven of the FUSE LOS) is taken, the mean shifts upward to D/H = 1.62 × 10 −5 , moving slightly further away from BD +28 • 4211, γ Cas, and δ Ori A, but slightly closer to Feige 110. On the basis of the FUSE deuterium data alone, there is no statistical evidence for any variation in the LISM deuterium abundance. However, as will be seen next when oxygen is considered, there is some evidence that the abundances of D and/or O towards Feige 110 or BD +28 • 4211 (or both) may be anomalous. If the latter LOS is excluded from the estimate of the weighted mean deuterium abundance, then for the remaining four FUSE LOS the value increases to D/H = 1.68 ± 0.11 × 10 −5 . This abundance, shown by the dashed line in Figure 1 , provides a very good fit to the data, with a small reduced χ 2 = 0.46 (3 dof). Notice that three of the five FUSE LOS pass within 1σ of this value too, but also note that BD +28 • 4211 is now nearly 3σ away.
Oxygen
In Figure 2 are plotted the oxygen abundances as a function of the H I column densities for the seven FUSE LOS (five with error bars) along with γ Cas and δ Ori A. From the data in Table 3 et al. 2002) . What is notable in this case is the very large dispersion among the oxygen abundances; the reduced χ 2 , for four degrees of freedom, is 4.0. In contrast to the deuterium abundances, now there is less than a 0.1% probability that these oxygen abundance data have been drawn from an underlying population with the weighted mean oxygen abundance.
Notice that of the FUSE LOS only Feige 110 is within 1σ of this abundance, and that BD +28 • 4211 is ∼ 2σ below the mean. Although the FUSE team identifies Feige 110 as potentially anomalous in D, they find no evidence for any O-variability for this LOS (see Friedman et al. 2002) . In fact, if this LOS is removed and the weighted mean oxygen abundance is calculated for the four remaining LOS, the mean abundance hardly changes at all (from 3.13 to 3.07) while the reduced χ 2 increases to 5.6 (for three degrees of freedom).
It would seem that Feige 110 is not the culprit responsible for the dispersion among the oxygen abundances. Indeed, from Figure 2 the smoking gun seems to point to BD +28 • 4211 (see, also, Moos et al. 2002) . If this LOS is excluded instead, the mean oxygen abundance increases to O/H = 3.9 ± 0.3 × 10 −4 and the reduced χ 2 (for 3 dof) is 0.85. As may be seen from Figure 2 , this is a good fit to the limited data set with four of the five FUSE data points along with γ Cas lying within 1σ of this value; the two remaining FUSE LOS without error estimates also lie very close to this abundance. For this higher oxygen abundance (the dashed line in Figure 2 ) only δ Ori A and BD +28 • 4211 are "outliers". Recall that the LOS to δ Ori A also was a candidate for an anomalously low deuterium abundance (see The same anti-correlation is hinted at for the Feige 110 LOS, but for the opposite reason (high-D, somewhat low-O).
The D I And O I Column Densities
As the Galaxy evolves, incorporating interstellar gas into stars and returning stellar processed gas to the ISM, the deuterium abundance decreases (deuterium is destroyed in stars), while the overall metallicity, in particular the oxygen abundance, increases. At is disfavored. If, however, the deuterium and oxygen abundances are both varying, and they are anti-correlated, then as an example of an extremely strong anti-correlation, their product might be nearly constant. In Figure 4 the product of the deuterium and oxygen abundances is shown (versus the H I column densities). Notice that, with the exception of BD +28 • 4211 whose product of abundances is low, all the remaining FUSE LOS are in a rather narrow range of each other. It has already been noted that both the deuterium and the oxygen abundances for BD +28 • 4211 are low, suggesting that the culprit might be the H I column density determination along this LOS. If so, this would be exacerbated in the product of abundances. If BD +28 • 4211 is excluded, the weighted mean for the product of y D ≡ 10 5 (D/H) and y O ≡ 10 4 (O/H) is 6.5 ± 0.7; this is shown by the dashed line in Figure 4 . The remaining four FUSE LOS are all within 1σ of this value (and the two remaining FUSE LOS are close by) and the reduced χ 2 = 0.6 (for 3 dof). Thus, although a constant D/H is entirely consistent with the FUSE data (see §2.1), there is some evidence in the same data for variations in O/H (see §2.2) which may be anticorrelated with small variations in D/H. Notice that for γ Cas, which has a deuterium abundance below the mean (see Figure 1 ) and an oxygen abundance at the high end of the range (see Figure 2 ), the product of the two abundances is completely consistent with the mean value. The same is true for Feige 110 which, in contrast, has slightly high-D and slightly low-O. Finally, note that, like BD +28 • 4211, δ Ori A is low both in D/H and O/H and, as a consequence, lies far from the mean of the product of deuterium and oxygen abundances.
Correlations With Oxygen?
If, as suggested above, the FUSE data hints at local abundance variations which may be anticorrelated between deuterium and oxygen, these variations should emerge when 
Discussion
then provided that the deuterium abundance is constant, y D =< y D >= 1.7 ± 0.1,
so that a measurement of D I/O I (∝ z) leads directly to a predicted oxygen abundance.
This relation is shown by the dotted curve in Figure 6 . This is not at all inconsistent with the FUSE data. In this case a measurement of z leads to a predicted oxygen abundance (eq. 2) which may be compared to those derived from the FUSE (and other) observations.
In Figure 7 is shown the relation between the currently available observed and predicted oxygen abundances. But, a constant deuterium abundance is not required by the data. Indeed, it has been seen that the data are also consistent with small variations in, along with a rather strong anticorrelation between, deuterium and oxygen (y D ∝ 1/y O ). In this case,
so that
In this latter case, deuterium will vary along with oxygen so that (Sonneborn et al. 2002) and that the placement of the continuum, crucial for accurate column density determinations, "was hindered by the complexity of the metal lines and the poorly known atomic data for some of the species arising in the photospheres of these stars". Perhaps, however, the problem is not with either the D I or O I column densities, but with the H I column densities along these LOS. For BD +28 • 4211, a decrease of only ∼ 0.13 dex would be sufficient to bring the abundances along this LOS into agreement (within the remaining statistical uncertainties) with our suggested anticorrelation: y D × y O = 6.5 ± 0.7. While the same may be true for δ Ori A, a somewhat larger decrease in N(H I), ∼ 0.23 dex, would be required. It could be of value to reobserve these two LOS with a view to reexamining the H I column density determinations.
Conclusions
The O-abundances. The good news is that even within a few kpc of the Sun, based on estimates of the oxygen and deuterium abundance gradients in the Galaxy (Martins & Viegas 2000 , Chiappini & Matteucci 2000 y O and y D will vary sufficiently so that the amplification of their ratio, z, will result in z-variations (e.g., by roughly a factor two over ∼ 2 kpc) which will be more easily seen above the background of the statistical uncertainties.
It should be noted that even if the rather strong anticorrelation, consistent with the current FUSE data set, is confirmed locally, such a strong anticorrelation is unlikely to extend to much lower oxygen abundances. Indeed, as pristine gas from the early universe begins to be processed through stars, the heavy element abundances, oxygen in this case, will quickly increase from their zero primordial values before very much gas has been cycled through stars, destroying deuterium. As a result, for a long time (as measured by metallicity) the deuterium abundance will not deviate noticeably from its relic value, while the oxygen abundance will increase by orders of magnitude (the deuterium "plateau").
For example, if within the Galaxy a factor two lower oxygen abundance (than in the LISM) were accompanied by a factor two higher deuterium abundance, the result would 
